Tumours induced in chickens by inoculation of avian sarcoma viruses are frequently capable of undergoing spontaneous regression. It is only those tumour cells which have been derived from progressively growing neoplasms that are able to produce transforming progeny virus in vitro and to shed into the culture medium antigens which are specifically reactive with the peripheral lymphocytes of sarcomabearing hosts. Following multiple passages and extended growth in culture, however, the ability of these tumour cell fluids to stimulate the lymphocytes of sensitized hosts diminishes in concert with the declining capacity of these cells to continue to synthesize fully transforming progeny virus. In certain instances, however, aged tumour cells are able to synthesize particles which contain the enzyme RNAdependent DNA polymerase yet lack detectable envelope glycoprotein.
INTRODUCTION
Numerous studies have established that tumours which have been induced in chickens and other fowl by injection with avian sarcoma viruses (ASV) are themselves frequently devoid of infectious virus (Rubin, I962 a; Dougherty & DiStefano, I965; Group6 & Rauscher, ~959) . Moreover, it has been demonstrated that such non-producer neoplasms are generally found under conditions of tumour regression and result from the inoculation of adult birds with the oncogenic agent (Duran-Reynals & Freire, ~953 ; Freire & Duran-Reynals, I953). Under such circumstances, metastases were seen only rarely and animals whose tumours had regressed were generally immune to virus re-inoculation. These events are apparently the result of an anti-viral and/or anti-tumour immune response which succeeds in eliminating those tumour cells which are the most efficient producers of progeny virus. In contrast, the inoculation of avian tumour viruses into young, immunologically immature chickens often results in the development of rapidly growing metastatic tumours which prove fatal to their hosts.
Our laboratory has been interested in following the development of anti-tumour immunity in such animals. We have demonstrated the existence of a cellular immune response using the techniques of cell-mediated cytotoxicity (Wainberg et aL ~ 974) , macrophage migration inhibition (Wainberg et aL I977b) and antigen-driven lymphocyte blastogenesis (Israel & Wainberg, 1977 )-The latter studies have shown that the existence of the anti-tumour response in this model is frequently of short duration, often declining in the case of the regressing neoplasm, shortly after the disappearance of palpable tumour nodules. Moreover, using supernatant fluids of ASV-infected chicken embryo fibroblast (CEF) cells as stimuli, it has been shown that the antigen(s) in question are both group-specific as well as transformationindependent in nature (Wainberg et aL I977a) . These same experiments revealed that reactivity could be elicited by supernatant fluids derived from cultures of infected and/or oo22q3r7/79/oooo-32o6 $02.00 © I979 SGM transformed CEF cells but not in vitro grown chicken sarcoma cells. The latter cell type, while non-reactive in the lymphocyte blastogenesis assay, was not devoid of antigenic activity however when studied by other techniques, e.g. cell-mediated cytotoxicity. In agreement with the published literature, avian tumour cells were found to be incapable of the synthesis of significant quantities of transforming virus, although, in some cases the production of transformation-defective physical particles was detected (Wainberg et aL I977b) . The tumour cells employed in these experiments were derived from adult birds, whose tumours had generally reached a maximal degree of growth and which would be expected to regress.
We decided to re-assess the problem of the non-antigenicity of in vitro-grown avian sarcoma ceils, as measured by lymphocyte blastogenesis, using tumour cells derived from young animals with progressively growing neoplasms as opposed to the regressing tumours discussed above. This manuscript reports that culture supernatant fluids derived from such cells contain large quantities of transforming progeny virus and are as antigenic as material obtained from cultures of infected and/or transformed CEF cells. Following growth in vitro, however, the ability of these tumour cell fluids to stimulate the lymphocytes of sensitized hosts diminishes in concert with the declining ability of these cells to continue to synthesize transforming progeny virus. In some instances, however, aged tumour cells are apparently able to produce physical particles which contain the enzyme RNA-dependent DNA polymerase yet lack detectable envelope glycoprotein.
METHODS

Virus.
The following strains of avian sarcoma virus (ASV), including Rous sarcoma viruses (RSV), were used in these experiments: Schmidt-Ruppin, subgroup A (SR-A), kindly provided by Dr G. S. Martin, Imperial Cancer Research Fund, London, England; Prague strain, subgroup A (PrA), kindly provided by Dr P. Vogt, University of Southern California; and B77 , subgroup C, kindly supplied by Dr E. R. Phillips, Lady Davis Institute for Medical Research, Montreal, Quebec, Canada. All viruses were propagated in cultures of CEF according to a previously described procedure (Temin & Rubin, 1958) . Supernatant fluids containing infectious virus were collected from cultures of almost completely transformed cells, clarified by low-speed centrifugation and frozen at -7o °C until use. RNAdependent DNA polymerase assays were performed according to a previously described procedure (Livingston et al. 1972; Wainberg et al. I977b ) .
Eggs, chickens and tumour induction. COFAL-negative (Sarma et al. 1964) , pathogen free C/O eggs and chickens were purchased from the breeding colonies of either SPAFAS, Inc., Norwich, Conn., or the Institut Armand Frappier, Laval, Quebec, Canada. Both mate and female animals, I to 2 weeks or 8 to I2 weeks of age, received injections in the right wing webs of transformed culture supernatant fluid containing approx, lO 3 to lO 4 focus-forming units of virus. After approx. I week in the case of the younger birds and 3 or 4 weeks in the case of the older animals, by which time sizeable neoplasms (approx. 2 cm in diam.) had developed in most instances, pieces of tumour tissue were removed surgically from some of the animals. Age-matched normal chickens that received injections of supernatant fluid of normal CEF cells served as controls.
Cell cultivation. The avian sarcomas were excised aseptically from either young birds that had been sacrificed immediately beforehand or from ether-anaesthetized older animals which were then maintained in individual cages. The tumour tissue was cut up, trypsinized and plated for growth in tissue culture in minimal essential medium (MEM) supplemented with 4 % foetal calf serum; penicillin, IOO units/ml; and streptomycin, IOO/zg/ml, as previously Virus production in avian tumour cells 257 described (Wainberg et al. :977a) . Normal CEF were secondary cultures (z to 3 days old) derived from ~ r-day-old embryos and grown in MEM. ASV-transformed CEF were secondary cultures derived from the same embryos and were maintained in the same way. Lymphocyte stimulation. These tests were performed by a modification of a previously described procedure (Lopez et al. 1973) . Approximately 2 to 2"5 weeks after virus inoculation, circulating lymphocytes were obtained by drawing blood from both virus-injected and normal chickens into heparin by cardiac puncture. (In the case of sarcoma virus-injected animals, neoplasms had grown to about z cm diam. by that time.) The mononuclear fraction, consisting almost entirely of lymphocytes, was purified by Ficoll-Isopaque gradient centrifugation (Boyum, 1968) , collected by aspiration and washed twice by centrifugation for :5 rain at 5oo g in BSS. The cells were then resuspended in bicarbonate-buffered Roswell Park Memorial Institute medium (supplemented with 2% foetal calf serum; penicillin, :oo units/ml; and streptomycin, Ioo #g/ml) to a final concentration of :or/ml. Cultures containing I ml of this suspension in I7 × :oo mm tubes were incubated in the presence or absence of various test antigens for 7z h at 37 °C. Each test was carried out with at least three replicate samples. Tritiated thymidine (I #Ci/tube; New England Nuclear, Boston, Mass.) was added to the culture tubes for the final ~6 h of incubation, following which the samples were processed by trichloroacetic acid precipitation on to filter pads and the amount of incorporated radioactivity was determined. Lymphocyte stimulation indices were calculated as the ratio between amounts of radioactivity incorporated in the presence and absence of antigenic stimulus.
Virus purification and electrophoresis. For the purpose of electrophoretic analysis, radioactive virus particles were obtained by labelling lox :o G transformed CEF or cultured tumour cells over a 24 h period with growth medium containing ~H-leucine (5 #Ci/ml; 5o Ci/mmol; New England Nuclear, Boston, Mass.)and :4C-glucosamine (5 #Ci]ml; z96 Ci/mmol; New England Nuclear). Culture supernatant fluid containing labelled virus particles was then clarified by low speed centrifugation (4ooo g for 15 rain) to remove cellular debris and pelleted at :43 ooo g for z h. Following resuspension in o'5 ml Hanks' balanced salt solution (BSS), o-2 ml ofresuspended labelled virus pellet werelayered over discontinuous :5 to 4o% sucrose gradients and banded by centrifugation for z h at 2ooooo g. Fractions (o'z5 ml) were collected drop-wise from the bottom of the tube and samples counted for radioactivity (all and 14C) in a cocktail consisting of 8"5 g Omnifluor (New England Nuclear), 50o ml Triton X-Ioo and Iooo ml toluene. Virus from the peak fractions (buoyant density = I'I65) was pooled, diluted in BSS, re-pelleted at ~43ooo g for 2 h and dissociated in o-I Msodium phosphate buffer, pH 7"z, containing I% sodium dodecyl sulphate (SDS), r% 2-mercaptoethanol and 4 M-urea. Disrupted virus was then run on gels (consisting of 8"75% polyacrylamide and o.~ % SDS according to a previously described procedure (Scheele & Hanafusa, :970 . The gels were then frozen and sliced in :mm sections and radioactivity was determined by hydrolysis (7o °C for z h) in o-t ml of H~Oz followed by scintillation counting in the cocktail described above.
RESULTS
Virus production
Previous results from other laboratories have shown that turnout cells obtained from mature chickens, which had been injected with avian sarcoma viruses, are usually defective in the ability to synthesize progeny transforming virus particles. The results presented in Table I indicate that while such cultivated tumour cells are indeed defective in terms of capacity to produce either transforming or oncogenic virus, they can sometimes synthesize incomplete physical particles as measured by assaying for the enzyme RNA-dependent Tumours induced and chicken embryo fibrobtast (CEF) ceils transformed by the SR-A strain of avian sarcoma virus.
§ Tumours induced and cells transformed by the B77 strain of avian sarcoma virus.
DNA polymerase (RDDP). These physical particles are non-infectious upon subsequent exposure to normal chicken embryo fibroblast (CEF) cells, as evidenced by failure to stimulate production of de novo RDDP enzyme. They are also non-oncogenic. At the same time, we found that tumour cells derived from progressively growing neoplasms in young animals were able to synthesize large quantities of fully transforming oncogenic progeny virus, confirming the findings of earlier studies on this subject. In this regard, freshly cultured tumour cells derived from progressively growing neoplasms behaved similarly to virus-transformed CEF cells (Table I) .
Long term cultivation of tumour cells
Having demonstrated the existence of non-infectious physical particle production in tumour cells derived from regressing neoplasms, it became of interest to determine whether the in vitro ageing of virus-producing tumour cells could eventually mimic this phenomenon. Accordingly, tumour cells from progressively developing malignancies were trypsinized as described in Methods and cultivated in vitro. These cells grew relatively slowly under the conditions employed (doubling time about 5 2 h) and were passaged approximately once a week. High levels of both transforming virus yield and RDDP enzyme were detected in culture supernatant fluids of these tumour cells almost immediately after seeding. After varying periods in culture, however, but generally commencing after 25 to 3o days and 4 to 5 passages, production of both transforming virus and RDDP enzyme fell off dramatically (Fig. I) . Similar results wele obtained in the three experiments presented as well as in six other experiments not shown here. In all cases, RDDP levels were observed to decline in concert with levels of transforming virus; in all but one instance, we could not detect the formation of non-infectious physical particles as we had when working with freshly isolated tumour cells derived from regressing neoplasms. While the long-term cultured tumour cells described appear totally deficient insofar as virus production is concerned, they nonetheless remained fully oncogenic upon injection into susceptible 6 week-old chickens 0o 6 cells/ animal), thus indicating that the genetic information needed to induce tumour growth con- 
tinued to reside in these aged tumour cells in the absence of viIus production. This probably reflects the in vivo rescue of the avian sarcoma virus genome from the cells in question The latter tumours first became palpable around t week after inoculation. Fully transforming virus could be isolated from the secondary neoplasms thus induced.
Lymphocyte stimulation
The technique of peripheral lymphocyte stimulation has previously been shown to be useful as a means of monitoring the existence of cell-mediated anti-tumour immunity in chickens bearing tumours induced by avian sarcoma viruses (Israel & Wainberg, I977).
We have shown that while culture supernatant fluids of ASV-transformed CEF cells are very active antigenically in this assay, culture fluids of avian sarcoma cells which have been derived from regressing neoplasms are not (Wainberg et al. t977a) . In light of the observed differences between the various tumour cell types studied in regard to virus biosynthesis, it was decided to reassess the question of tumour cell antigenicity using culture supernatant fluids and the lymphocyte stimulation test. The results of our experiments indicated that supernatant fluids from freshly cultivated (3 to 4 days) tumour cells which had been derived from regressing malignancies were unable to stimulate the lymphocytes of tumour-bearing animals to divide. In contrast, supernatant fluids from either ASV-transformed CEF cells or from cultures of turnout cells that had been derived from progressing neoplasms were equally efficient as specific antigens in these (Fig. 2) . In addition to the two experiments shown in Fig. 2, similar results were obtained on five other occasions not shown here. However, the ability of supernatant fluids from such cultures as these to continue to stimulate sensitized lymphocytes declined as a function of in vitro age and apparently in concert with the fall-off in virus biosynthesis by these cells (Table 2) . Supernatant fluids of normal CEF cells served as controls in these studies and were not stimulatory to sensitized avian lymphocytes. Lymphocytes of normal chickens were able to respond only infrequently to the antigens employed; such occasional non-specific reactivity has been observed before with this test and may represent a measure of natural anti-viral and/or anti-tumour immunity in this system (Israel & Wainberg, 1977 ).
Viral analysis
As described above (Table I) , cultured avian sarcoma cells which derive from regressing neoplasms are sometimes able to produce virus-like particles which are devoid of infectious capacity yet retain RDDP activity. In order to ascertain whether this loss of infectivity could be accounted for by a structural deficit, virus (PrA strain) being produced by each of transformed CEF cells and cultured tumour cells (derived from a regressing PrA-induced neoplasm) was doubly labelled with 3H-leucine and 14C-glucosamine, purified by sucrose gradient centrifugation and subjected to SDS-polyacrylamide gel electrophoresis. The results of the centrifugation analysis (Fig. 3) revealed well-defined 3H peaks for both virus preparations but a 14C peak only in the case of virus which was obtained from transformed CEF cells. This finding was confirmed by gel electrophoresis studies (Fig. 4) which showed the existence of reasonably sharp protein bands in material derived from the two virus populations. Glycoprotein, however, was apparently present only in the case of the progeny of transformed cells. Since l~C-glucosamine, under the conditions employed, becomes incorporated into the virus envelope glycoproteins gp85 and gP37 (Bolognesi, ~ 974) , this suggests that the non-infectious particles produced by cultured sarcoma cells apparently lack these components. In addition, it is apparent from Fig. 4(b) that shifts in tool. wt. may have occurred in regard to several of the non-glycosylated proteins of these particles. Further studies for characterization are in progress.
DISCUSSION
The results of these experiments indicate that tumour cells which are cultured from the wings of sarcoma-bearing chickens may display considerably different virological and immunological properties, depending on the stage of tumour development at which such cultivation took place. We found that cells, which were derived from neoplasms which had either reached a stage of maximal growth or which were in regression, were totally defective in their ability to synthesize transforming virions, although physical particles containing RDDP enzyme could frequently be detected. In contrast, freshly cultured tumour cells which were obtained from progressively growing malignancies were virtually indistinguishable from avian sarcoma virus-transformed CEF in terms of their virus-synthesizing capacity. Such cells, however, if maintained in culture for extended periods of time began to senesce and ceased to produce infectious virus. Physical particles of the sort described above could be isolated from the supernatant fluids of such cultures much less frequently than had been observed for freshly cultivated tumour cells which had been derived from regressing neoplasms. The physical particles described in these experiments were found to be non-infectious upon inoculation on to fresh cultures of normal CEF cells. Thus, these are not transformation-defective particles of the sort that have been described by various groups and which are able to replicate independently of cell transformation (Duesberg & Vogt, 197o; Vogt, I97I) . Rather, they resemble more closely the physical particles which may be observed following treatment of transformed cells with either derivatives of rifamycin (Szabo et al. x976) or with high concentrations of z-deoxy-D-glucose or glucosamine (Hayman et al. I976; Israel et al. I978) . We have now further characterized the particles being produced by cultured tumour cells as apparently lacking in envelope glycoprotein. This finding adequately explains their inability to re-initiate infection and suggests that the particles in question may share properties with the virus deletion mutant, N8, previously shown (Kawai & Hanafusa, I973, ~976) to be deficient in envelope glycoprotein. Further studies are needed to ascertain whether the particles we have described are similarly lacking the 'env' region of the avian retrovirus genome. We do not know why tumour cells should become deficient in ability to produce complete oncogenic particles.
In addition to the foregoing, we have demonstrated that tumour cells which are cultured in vitro over long periods apparently cease to shed into their supernatant fluids antigens which are stimulatory to the peripheral blood lymphocytes of sensitized chickens. Such tumour cells when first plated are able to react strongly in this type of assay, and continue to shed detectable antigens into their supernatant fluids for as long as 4 weeks thereafter. Thus, both with regard to immunological behaviour as well as ability to synthesize transforming virus, tumour cells which are derived from progressively-growing malignancies and which senesce in culture resemble closely those tumour cells which have done their ageing in vivo. The fact that avian cells are often difficult to grow in culture may complicate the interpretation of these results.
It is apparent from earlier work (Rubin, 1962 b ) that avian sarcomas regress in immunologically competent hosts following the development of a cell-mediated anti-turnout immune response. Presumably, tumour regression is due to the elimination by immunological means of those cells which are the most efficient producers of progeny virus. Our laboratory has conducted extensive research on the existence of cellular immunity in this system, and we do not doubt the importance which it may play in governing progressive turnout growth. Indeed we have shown that cellular immunity as measured by the lymphocyte blastogenesis technique described here may play a major role in causing tumours to regress in this system (Israel & Wainberg, ~977 )-Investigations into the biochemical nature of the stimulatory principle described in this and previous manuscripts are currently in progress.
